plankton, is easier to see than they are. We now know from the new work by Bagge et al. [2] that they add antireflection coatings to this transparency, making them non-reflective as well. In the case of Cystisoma, the legs, and occasionally the carapace itself, are covered with evenly spaced, tapered microprotuberances. When these were carefully measured and then modeled using a variety of theoretical approaches, they were found to reduce surface reflections by some two orders of magnitude (varying with wavelength and angle of incidence). The modeling required estimations of the refractive indices of seawater and chitin, but since these are widely measured elsewhere the outcomes are quite convincing. Having antireflection surfaces on the appendages is particularly useful because these have elevated surface area:volume ratios and move constantly, giving them potentially prominent visibility. Besides Cystisoma's nanoprotuberances, its cuticle and that of six other hyperiid species (including the fearsome Phronima) were found to be covered with monolayers of small spherical particles. Optical modeling shows that these surface coatings play a similar antireflective role. While the particles have not yet been conclusively identified, indications are that they are nanoplanktonic bacteria that have entered an exosymbiotic relationship with the amphipods, yet another example of the many roles that bacteria have been found to play in the lives of eukaryotes.
At this point, measurements of actual reflections from living hyperiids and estimates of their visibility in the sea are lacking. Further, the role of scattering from internal surfaces and structures was not included in the modeled results. Many of these animals occupy forbidding habitats, accessible only by blue-water scuba diving or the use of autonomous or manned submersibles, and anyone who has searched for them in the ocean knows from experience that they are notoriously difficult to see and capture. Specimens captured in deep plankton tows and brought to the surface are usually damaged and often killed, making it difficult to obtain reliable measurements of their visibility. However, the required work will assuredly be done by this team or other future biological oceanographers. Meanwhile, it will be fascinating to learn how common it is for transparent marine animals to employ antireflection coatings and (in the case of the bacterial symbionts) who exactly it is that coats them.
